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Abstract 
Due to recent advances of heterogeneous network and the emergence of Internet of Things (IoT), wireless sensor network (WSN) 
are assumed to be part of huge heterogeneous network.The IEEE 802.15.4 standard introduces WSN from personal area network 
(PAN) into low power personal area network (LoWPAN). This standard is a low cost, low rate, low power wireless personal area 
network technology. Hence, 6LoWPAN is defined by Internet Engineering Task Force (IETF) as Internet Protocol (IP) applied 
into IEEE 802.15.4 devices. 6LoWPAN Ad Hoc On-Demand Distance Vector Routing (LOAD) and 6LoWPAN Ad Hoc On-
Demand Distance Vector Routing with Multipath Scheme (MLOAD) are based on Ad-Hoc on Demand Distance Vector 
(AODV), and simplify the routing protocol for 6LoWPAN mesh network. The AODV, LOAD and MLOAD for 6LoWPAN 
mesh network to broadcast route request (RREQ) message of route discovery is devoid of load the whole network overhead. In 
this paper, we proposed the 6LoWPAN Local Repair Using Bio Inspired Artificial Bee Colony (ABC) to find a route to the 
destination that reduce network overhead of route discovery. 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the Faculty of Information Science and Technology, Universiti Kebangsaan 
Malaysia. 
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1. Introduction 
Sensor node is the emergence of small, low power, low cost and multifunctional devices. These tiny devices are 
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capable of sensing, computation (signal processing) and wireless communication capabilities. In some application, 
these sensors can be mobile [1]. Collaboration between the sensor nodes is capable of producing powerful wireless 
networking systems known as wireless sensor network (WSN). However, the use of Internet Protocol (IP) in these 
networks has embarked on the development of Internet Protocol version 6 (IPv6) over low power wireless personal 
area networks (6LoWPAN).There are many issues related to 6LoWPAN, including the IP connectivity, routing,  
topologies, limited packet size, limited configuration and management, service and security discovery [3]. 
6loWPAN routing protocols can be classified into three types namely multi-hop flat routing, hierarchical routing 
and location-based routing. Our main focus here is multi-hop flat routing which include the following protocols, 
6LoWPAN Ad Hoc on Demand Distance Vector (LOAD), 6LoWPAN Ad Hoc on Demand Distance Vector Routing 
with Multipath Scheme (MLOAD), Dynamic MANET On-demand Routing for 6LoWPAN (DYMO-low) and Sink 
Routing Table Over AODV (S-AODV) [4]. AODV, LOAD and MLOAD are studied and concentrated in this paper.  
However, Ad Hoc on Demand Distance Vector (AODV) is the strongest routing technique that is suitable to 
6LoWPAN according to its reliability in finding route to the destination with some modification to suit to 
6LoWPAN environment [5].AODV allows mobile nodes to acquire routes for new destinations and discard routes to 
destinations that are not in active communication. LOAD and MLOAD is an enhancement of AODV that is working 
under 6LoWPAN environment. LOAD applies IEEE 802.15.4 devices in a 6LoWPAN [6]. LOAD uses the Link 
Quality Indicator (LQI) of 6LoWPAN MAC layer as a routing cost metric to determine the strongest route and ACK 
message to ensure guaranteed delivery of packets. MLOAD improves LOAD by adding an alternative path in case of 
failure route. 
Even though, LOAD and MLOAD has modified AODV in route discovery by broadcasting RREQ message to the 
destination, but the network overhead is devoid of load the whole network [7]. When there is link breakage between 
the intermediate nodes, the node needs to initiate the route discovery by broadcasting new RREQ. We proposed 
6LoWPAN Local Repair Using Bio Inspired Artificial Bee Colony routing protocol to repair the breakage locally 
inspired by Artificial Bee Colony (ABC). 
The remainder of the paper is organized as follows. In Section 2, we will briefly explain the AODV, LOAD and 
MLOAD. In Section 3, we proposed the new 6LoWPAN Local Repair Using Bio Inspired Artificial Bee Colony 
Routing Protocol. Section 4 describes the performance of this protocol with AODV and section 5 is the conclusion 
of the paper. 
2. Related Work 
2.1. 6LoWPAN Overview 
The Internet Protocol version 6 (IPv6) is created to surpass and substitute Internet Protocol version 4 (IPv4), in 
conjunction with the emergence of heterogeneous network and internet of things, 6LoWPAN came to life. 
6LoWPAN engage the transmission of IPv6 over IEEE 802.15.4 network [2]. The IEEE 802.15.4 is the standard that 
is used for the devices that is operated in this wireless personal area network.  The low power, low rate and low cost 
are the characteristics of the smallest devices that will insinuate with IPv6 form Full Function Device (FFD) and 
Reduced Function Device (RFD). These devices will communicate with the Internet through another device called 
gateway. Fig. 1 below shows that FFD will act as a coordinator and router. RFD is the end device which will act as a 
sensor and used to be sleep mode [3]. 
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Fig. 1. 6LoWPAN devices and internet 
2.2. Ad-Hoc on Demand Distance Vector 
Ad-Hoc on Demand Distance Vector (AODV) builds routes between nodes based on needs to send data packets. 
AODV has its sequence numbers to ensure the latest routes and precursor list for reverse route path. The AODV 
routing protocol uses the reactive approach to routing data to the destination in mesh networks [8-9]. AODV has two 
phases; route discovery phase and route maintenance phase while maintaining routing tables on the nodes. During 
route discovery phase, the source node S initiates a route discovery process with the creation of a RREQ message to 
get the route. A RREQ will be propagated as a broadcast packet to all nodes. Based on Fig. 2, once the intermediate 
node 1 receives RREQ message, it sets up a route entry for reverse path to the source node in its route table.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Ad-hoc On-Demand Distance Vector Routing 
 
This is to ensure that it returns a route reply (RREP) message to the source according the reverse path built 
before. The intended intermediate node may be is the destination of RREQ or it knows the route to the destination 
D. Otherwise, the intermediate node 1 will rebroadcast the RREQ message to its neighbors. When the RREQ 
message reaches the destination D, it creates RREP message and the forward path setup for sending data packets 
from source to the destination. The source node S will start sending the data packet. Route maintenance process is 
initiated by the movement of nodes. Once, node 2 notifies the changes that the route to its neighbors is invalid, it 
removes the route entry and sends a route error (RERR) message to all upstream nodes. When a node 1 receives an 
RERR message, it marks its route to the destination as invalid and set the distance to the destination as infinity in the 
route table. In time, the source S receives it and reinitiates the new route discovery procedure for that destination D 
if there are still data packets need to be sent to the intended node. 
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2.3. 6LoWPAN Ad-Hoc on Demand Distance Vector 
6LoWPAN Ad-hoc On-Demand Distance Vector Routing (LOAD) is a simplified on-demand routing protocol of 
AODV [6]. LOAD modifies AODV by eliminating destination sequence number and precursor list. The destination 
sequence number may results in reduction of size of packets and it simplifies route discovery process. While, the 
precursor list of AODV is discarded because RERR message is sent only to the originator node. The RREP for the 
RREQ message is sent only from the destination node which ensures loop free condition. LOAD utilizes and 
maintains two routing tables: the routing table and the route request table. The example is shown in Fig. 3. The 
figure indicates that, node 1 will initiate RREQ via other node to the destination D. Node 2 will be cast off from the 
path. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. 6LoWPAN Ad-hoc On-Demand Distance Vector Routing 
 
In this case, node 2 will be abandoned and it unicasts a RERR message to intermediate node 1. Once, node 1 that 
receives the RERR, it will broadcast a RREQ message using its own address. If node 1 is unable to repair the link on 
its own, it unicasts a RERR that indicates the reason of the repair failure to the source. Once, the source receives the 
RERR, it tries to reinitiate new route discovery.  
2.4.  The 6LoWPAN Ad-Hoc on Demand Distance Vector Routing With Multi-Path Scheme 
The 6LoWPAN Ad-Hoc on Demand Distance Vector Routing with Multi-Path Scheme (MLOAD) [7] is 
modified version of LOAD routing protocol. MLOAD adopt and adapt the concept of multipath, when the primary 
route fails then alternative route is used for transmission data. MLOAD improves LOAD by using two routing table; 
MLOAD routing table and MLOAD route request table and add information in the packet format. MLOAD 
maintain two phases; route discovery and route maintenance. During route discovery process, the link is measured 
through calculation cost of hop count (MLOAD) and link quality indicator (MLOAD-LQI). In this case, the strength 
of MLOAD-LQI in the active communication is reliable and scalable as the number of nodes increases. Route 
maintenance phase use acknowledgement message (ACK) of 6LoWPAN MAC mechanism to confirm status of the 
route. When there is a failure route, the alternative route is chosen to resume transmission data or start broadcasting 
new route discovery. 
3. 6LoWPAN Local Repair Using Bio Inspired Artificial Bee Colony Routing Protocol 
3.1. Honey Bee Colony 
Karaboga has introduced the Artificial Bee Colony (ABC) which is a population based algorithm. It is inspired 
by the honey bee behavior of foraging [10]. D. Karaboga mentioned that the model of forage selectionof honey bee 
swarms consists of three essential components: the food source, employed bees and unemployed bees. There are two 
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types of unemployed bees which are scouts and onlookers. Naturally, the bee foraging activity begins with the 
scouts. The scouts have the capability to move around to a radius of up to three kilometers from the hive to find the 
sources of food. After finding the sources of food, they return back to the hive to share the information about the 
food source. This information is shared by performing waggle dance. The foragers obtain the information of food 
source randomly and leave the hive to forage.  
Artificial Bee Colony (ABC) on foraging activities is in this listed cycle; 
Initialization phase with the population of food source initialized by artificial scouts 
Employed bees phase 
• Find food source 
• Evaluate the fitness  
• Calculate the fitness  
• Apply greedy selection between it and its parent 
• Share food source information with onlookers in the hive  
Onlookers bees phase 
• Choose their food source based on information provided by employed bees 
• Apply selection method between multiple sources  
The selection method, if f i is the fitness of individual in the population, its probability of being selected is 
 
ܲ݅ ൌ  ݂݅σ ݂݆݆ܰൌͳ          (1) 
 
where N is the number of individuals in the population. 
Scouts bees phase 
• Exhausted food source by employed bees 
• Become scouts and search for new food source 
3.2. 6LoWPAN Local Repair Using Bio Inspired Artificial Bee Colony Routing Protocol Analogous 
6LoWPAN Local Repair Using Bio Inspired Artificial Bee Colony routing protocol adopts and adapt the concept 
of ABC foraging approach to repair locally the link breakage between the nodes. This is to reduce the network 
overhead by initiating new RREQ locally to the respective destination. 
Analogous to the ABC foraging approach above, below are the corresponding properties, 
• The failure node is implemented as exhausted food source. 
• The link breakage is implemented as abandoned path to the exhausted food source. 
• The intermediate node that discovers the link breakage constructs the hive. The node after the failure node will 
form the targeted food sources.  
• The routes to the targeted food source will form the path to the targeted food source. The locally issue route 
request to bypass the failure node will form the scouts that search for the new food source (the node after the 
failure node).  
• Link quality implements the nectar’s information. The route reply by the node after the failure node implements 
the employee bees that will carry the nectar and nectar’s information.  
• Maximum hop count for the locally issue route request implements the radius from the hive. 
3.3. 6LoWPAN Local Repair Using Bio Inspired Artificial Bee Colony Routing Protocol 
Fig. 4 explains a common representation for 6LoWPAN Local Repair Using Bio Inspired Artificial Bee Colony 
Routing Protocol is that, there are nodes in the operation respectively. When there is packet that needs to be sent 
through an active communication, there are two nodes known as source S and destination D. The source will initiate 
new route discovery to send RREQ message to the destination. The destination receives the message; it will send 
RREP message back to the originator of the message. The problem occurs when there is link break between the 
intermediate node 1 and node 2. Node 2 becomes abandoned node in the path. The intermediate node 1 will initiate 
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local RREQ to node 3 and bypass node 2 and resume the forwarding the packets to the respective destination. 
While, node 1 that discovers the link break construct as the hive will target to search for node 3 as the food source. 
The routes to the targeted food source which is node 3 will form the path to node 3. The selection method is used to 
determine the best path to targeted node. The locally issue route request to bypass the failure node will form the 
scouts that search for the new food source (node 3). The route reply by the node after the failure node implements 
the employee bees that will carry the nectar and nectar’s information. Link quality implements the nectar’s 
information. This is an indication which path is better path to node 3. Maximum hop count for the locally issue route 
request implements the radius from the hive. 
 
Fig. 4. 6LoWPAN Local Repair Using Bio Inspired Artificial Bee Colony Routing Protocol 
4. Performance Evaluation 
The 6LoWPAN Local Repair Using Bio Inspired Artificial Bee Colony routing is designed to reduce network 
overhead and energy consumption during the transmission of RREQ, RREP and data packets. Besides that, the 
network overhead traffic is also decline trough decreasing the number of RREQ and RREP. Compared with AODV, 
6LoWPAN Local Repair Bio Inspired Artificial Bee Colony repairs the break by issuing RREQ locally between the 
intermediate nodes. The node that discovers the break will bypass the abandoned node to another node in the same 
path and resume to the destination.     
More importantly, the new mechanism in the 6LoWPAN Local Repair Using Bio Inspired Artificial Bee Colony 
optimizes the routing performance. By the new 6LoWPAN Local Repair new mechanism, it is to reduce the delay of 
route repair process between nodes and as a result the lifetime of the 6LoWPAN nodes is extended. 
5. Conclusion 
In this paper, we explained the route discovery and route maintenance phases of AODV, LOAD and MLOAD. 
There is also an overview about 6LoWPAN with its devices functionality. Furthermore, we have proposed a 
6LoWPAN Local Repair Using Bio Inspired Artificial Bee Colony Routing Protocol for 6LoWPAN. The new 
approach is to improve the modified AODV for 6LoWPAN to reduce the energy consumption and delay with 
minimum network overhead in 6LoWPAN mesh network. The ABC routing algorithm from swarm intelligence was 
studied and introduced in this routing protocol. The technique of selection of ABC foraging approach is used to 
determine the best path to the targeted node. They are designed to reduce the new initiation of route request. 
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